From the economic point of view the issue is comprehensive namely for its long-term character. At present, there is little experience in complexly understood economic calculations concerning the effect of climate change on forest management. Therefore a new methodology had to be proposed to solve the assigned task, i.e. to analyse the results of research on the effect of climate change on forest management. The issue is closely related to changes in production characteristics of commercial species, i.e. site quality and species composition or health conditions and rotation period of each species and stand. In this case it concerns with a higher proportion of deciduous species at the expense of conifers, namely spruce. This issue also includes the question of further afforestation of non-forest agricultural land, that means the question of land delimitation between agriculture and forestry.
JOURNAL OF FOREST SCIENCE, 48, 2002 (11): 499-507 Based on available information the issue of the economic impact of climate change upon forestry has not been solved complexly so far. There only exist analyses dealing with biological, production, and silvicultural questions or with issues dealing with fulfilment of functions or services to the society under changing conditions. This paper is the first attempt to express socio-economic consequences of a possible climate change in a more complex way.
Required both by theoretical and practical aspects it would be necessary to propose a new methodology to be applied to estimate the economic impact of climate change upon forestry. The issue is closely related to changes in species composition, health conditions, and rotation period of each stand and species. In our case it concerns changes in species composition that approaches a more natural one and that is environmentally more stable, with higher representation of deciduous species at the expense of coniferous ones -namely spruce. The issue also involves the question of further afforestation of non-forest agricultural land, i.e. the question of land delimitation between agriculture and forestry.
From the economic view the issue is complex because it covers a long time period. Economic impacts can be expected particularly in the change in wood production sale (combination of both quality and quantity changes) and in cost change following from the change in species composition. Such economic assessment of climatic change is based on forest evolution scenarios. They are not however definite and also depend on other than climatic factors, e.g. on anthropogenically conditioned (JANOUŠ et al. 1999) ones. The threat to Czech forests by a climate change was described by VINŠ et al. (1996) : 1. Difference in forest species composition from the natural one caused by forest management in the historical period with representation of production taxa outside the territory of their original occurrence and on the fringe of their ecological amplitude. 2. A high ratio of forest stands cultivated in monocultures with lowered stability and increased vulnerability by diseases, pests, and abiotic factors. 3. Persisting ambient pollution by industrial products, transport, and intensive agriculture. For the purpose of preventive measures minimising environmental and economic risks arising from environmental changes including the global climate change it is necessary to implement gradual transformation of the present species composition of forest stands, to use a shelterwood system with higher ratio of natural regeneration, to tend young stands properly in view of their stability and production, to apply principles of forest integrated protection and harmful agent control, to use environmentally friendly technologies especially for logging and transport, to strengthen environmental forest functions in public interest.
The adaptation of forest ecosystems to climate change will bring about increased economic requirements exceeding common capacities of forest management. Therefore it will be necessary to grant payments and subsidies in public interest to forest owners, managers, or lessees so that the concerned changes in forest ecosystems will be ensured.
METHODOLOGY
In general, there is hardly any knowledge of complexly understood economic calculations concerning the impact of climate change on forest management. There is no available information on a project dealing with the issue in any significant research institution in the Czech Republic. In Slovakia, the first steps to assess the economic effect of climate change upon forestry were taken in a paper of HOLÉCY et al. (2000) . These authors carried out an economic risk analysis of climate change impacts on Slovak forests based on parameters that they considered economically interpretable. They assumed the stumpage price at given time horizons to be such a parameter.
The project solution can partly follow up with studies solved in recent years although for other purposes they dealt with similar wider issues like economic impacts of near-natural forest management on forestry. In this context some papers and publications elaborated at the Forestry Faculty of Czech University of Agriculture in Prague could be mentioned while the issue has not been solved elsewhere: -Assessment of economic impacts of Territorial Systems of Ecological Stability on Forestry in the Czech Republic (ŠIŠÁK et al. , 1999a ŠIŠÁK, ZDRAŽIL 2000) , -Economic assessment of forest conversion to nearnatural forests (ŠIŠÁK 1999), -Assessment of socio-economic damage to forests caused by anthropogenic factors (ŠIŠÁK, PULKRAB 1999), -Assessment of impacts of species composition changes on the economics of Training Forest Enterprise at Kostelec nad Černými lesy, case study (PULKRAB et al. 1997 ), -Analyses of economic impacts of agricultural land afforestation ). The methodology of estimating economic consequences of climate change impacts upon forest management in selected Czech regions stems from available materials dealing with climate change and its possible consequences for forests. Solution to the problem is based on acquired information concerning principal economic recommendations for target management complexes and current stand types processed within the solved project.
Basically, a stable fairly high ratio of artificial regeneration can be assumed compared with the natural one though in single species the ratio of natural regeneration will increase in future as a result of economic pressure. Within the forecasted time period by 2050 the increase in spruce and beech natural regeneration can be expected to reach a maximum possible value of about 30%. If the ratio of species like beech, oak or fir increases whose regeneration costs are significantly higher than those of spruce or pine, the costs will grow. The higher regeneration cost expected for changes in species composition caused by a climate change is eliminated to a certain extent by the present planting of ameliorating and improving species (AIS). Further changes will be reflected in costs of tending measures following from different costs of tending of conifers and deciduous species. Changes in wood sales will show much later, after 4 decennia following the species composition change in regeneration.
Additional costs of providing environmental nonproduction services are not considered for the period of prognoses contrary to the present state as scenarios do not expect any extreme threat to them. With expected expansion of forested area the measure of their providing and so also their socio-economic importance would increase. If it were necessary to include into calculations not only losses from fulfilment of forest production functions but also increased importance of the forest following from a higher fulfilment of non-production forest functions, it would be necessary to consider adequate evaluation of the function importance. Such evaluation has been very difficult so far, not only in this country but also throughout the world, and the issue has not been satisfactorily solved either theoretically or practically though the attempts to solve the questions and evaluation of those forest functions have been considerably frequent.
Basically it would be necessary to express the socioeconomic importance of non-production forest functions in relation with their differentiated socio-economic effect in the society. That means to evaluate functions with mediated market effect within a framework set as mentioned above (non-production functions and protection functions -involving also the nowadays very frequented carbon binding function) and functions with non-market effect either on the basis of so called preference access (the most spread in the world) -subjective values, customers surplus, willingness-to-pay, or on the basis of expertise comparison approach more suitable to our current socioeconomic and socio-historical conditions in the Czech Republic.
Selected estimation identifiers of climate change effect upon forest management
A climate change that will manifest in forest ecosystems and forest management can be ascertained to have socioeconomic effects on the whole economy and society, particularly on social economic stability and development of rural regions. Such socio-economic effects on the society and national economy can be calculated at the level of the total average value increment (TAVI) expressed in market prices. Another, rather narrower, indicator expresses average value exploitable increment (AVEI) -in market prices again. However, calculations for forest management or as the case may be for forest owners, lessees and managers have to be performed a different way pursuant to their accounting system. All the above mentioned subjects express their economic effect basically by the average annual net income -a difference between sales and costs. By and large it represents average annual gross profit from forest production (AAGPFP).
At the first stage economic indicators of forest management were calculated for major species spruce (SP) and beech (BE) according to average stand site index (ASSI) at the level of the whole Czech Republic and in the experimental area of Drahanská vrchovina highlands. Consequently, the indicators were calculated for forest altitudinal zones (FAZ) 2-5 that are forecasted by scenarios to encounter the greatest deal of shift following from the considered climate change. The unit values of mentioned indicators stem from current average cost-benefit ratios in the Czech Republic. Therefore so called fixed unit prices (costs) of production operations -outputs in the baseline examined period are considered as well as unit prices of outputs, i.e. produce. As concerns the types and unit volumes of production operations in technical units the following were considered: 30% natural regeneration in spruce and beech, planting material 4,000 spruce plants per hectare and 9,000 beech plants per hectare, 100-year rotation period of spruce stands and 120-year rotation of beech stands. Present labour consumption standards were used for prevailing technologies as forecasted in harvesting and cultivation operations. In order to estimate production Growth and Taxation  Tables for major species for current forest stands in the Czech Republic (ČERNÝ et al. 1996) were used, which can be considered sufficient for relative calculations of climate change impacts on forest management. In case the predicted values presented in the tables were used, a problem may arise because they are quite questionable and they predict production regardless of the climate change generally by 50% higher than the present production.
RESULTS
Tables 1-6 show (forecast) the following unit economic indicators of forest management for the concerned time period for spruce and beech classified by forest altitudinal zones (FAZ) and their average stand site index related to 1 hectare of stand area: -Total prime costs of:
-established culture and juvenile thinning, -logging (planned advance felling -PAF), -logging (planned harvest felling -PHF); -Total prime costs. -Wood sales (PAF).
-Wood sales (PHF).
-Average value exploitable increment (AVEI).
-Total average value increment (TAVI).
-Forest production gross profit (net income) per rotation period (FPGP). -Forest production average annual gross profit (net income) (FPAAGP).
Final summarising results are presented in two following Tables 7 and 8 . We can say from the data in Table 7 if the climate change causes a shift of the 3 rd FAZ to the 2 nd FAZ, the average annual economic loss in TAVI (Total Average Value Increment) will amount to 2.0 thousand CZK per hectare, if the 4 th FAZ shifts to the 3 rd one, the annual loss will amount to 1.2 thousand CZK per hectare, and if the 5 th FAZ shifts to the 4 th one, the loss will be 2.4 thousand CZK. From the viewpoint of forest owners, managers and lessees, the loss is expressed using FPGP (Forest Production Gross Profit): in the case of shift of the 3 rd FAZ to the 2 nd FAZ the loss is 2.0 thousand CZK per hectare, in the case of shift of the 4 th FAZ to the 3 rd FAZ annual loss is 1.2 thousand CZK per hectare and in the case of shift from the 5 th FAZ to the 4 th FAZ the loss is 2.0 thousand CZK per hectare. In beech the loss occurs only for the shift from the 3 rd FAZ, 4 th FAZ and 5 th FAZ to the 2 nd FAZ and the loss in the total average value increment is 1.0 thousand CZK per hectare and the loss in the forest production annual gross profit is 0.9 thousand CZK per hectare. In the case of other shifts between the 3 rd FAZ, 4 th FAZ and 5 th FAZ no substantial loss is expected.
However, we also have to consider a loss to follow the change in species within FAZ. An important loss may be caused particularly by the substitution of spruce by beech in the present FAZ (Table 8 ).
The data in Table 8 indicate if the climate change causes a species substitution within the respective FAZ, an important economic loss will also arise. For example if spruce is substituted by beech in the 2 nd FAZ (at appropriate sites), each hectare of spruce-to-beech substitution will represent annual loss 0.6 thousand CZK per hectare in the total average value increment, annual loss 1.0 thousand CZK per hectare in gross profit. However, in the 5 th FAZ the annual loss of the total average value increment arising from such substitution would amount to 5.2 thousand CZK and the annual loss of gross profit to 5.3 thousand CZK.
CONCLUSIONS
From the economic point of view the issue is rather complex especially for its long-term character. As follows from the analysed materials the effect of the change will manifest itself in the change of species composition and in the change of forest stand health, in changes of rotation period and silvicultural interventions. Economic consequences can be expected particularly in the change in wood sales (in combination with the change in quality and quantity) and in the change in costs following from the change in species composition. Apart from this the scenarios of climate change effect on technological and biological parameters of forest stands feature uncertainty and ambiguity.
At present, there is little experience in complexly understood economic calculations concerning the effect of climate change on forest management. Therefore new methodology had to be proposed to solve the assigned task, i.e. to analyse the results of research on climate change effect on forest management. The issue is closely related to changes in production characteristics of com- mercial species, i.e. site quality and species composition or health conditions and rotation period of each species and stand. In this case it concerns with a higher ratio of deciduous species at the expense of conifers, namely spruce. This issue also includes the problem of further afforestation of non-forest agricultural land, that means the problem of land delimitation between agriculture and forestry. The solution of the problem can possibly make use of some studies aimed at other purposes. We can state our study is the first attempt to estimate economic effects of climate change on forest management in the Czech Republic. The informative value of the determined data is connected with the volume and scope of work done in dependence on the available financial sources. The applied approaches and methods should be analysed, improved and amended as well as the used baseline data within the framework of further research.
